Capstone projects often require senior engineering students to develop oral and written communications skills. Both reports are sometimes graded by faculty advisors, course coordinators, faculty who are not directly involved with a capstone project (a grading committee) and/or adjunct faculty/advisors. Some programs are known to also use external or industry representatives as external judges. When external judges are used, which may or may not include project sponsors, additional input on oral and written skills, as well as design quality may be evaluated outside of the technical design review process that could be requested. This paper reports on research comparing the capstone project evaluations conducted by external judges and faculty. Faculty and external judges scores were compared using correlation and t-test statistical methods using MiniTab 17. The results indicate external judges gave higher grades. The implications might be that faculty grades are based on academic achievement and external graders are based on project success. These reflect two unique perspectives on the capstone process, which leads to future studies related to what bias affect the scores of faculty and external judges.
Introduction
East Carolina University's Department of Engineering (ECU's DoE) is a general engineering program offering five discipline specific concentrations. ECU's DoE has a two semester long Senior Capstone Design program that spans two distinct courses. The first semester requires students to compete a conceptual level design for an industry sponsored project. The second semester requires students to complete a detailed design and often requires build/test objectives be completed. The sequence of courses is intended for students to not only use skills learned throughout their academia endeavors, but also to require students to go beyond traditional course work and expand their knowledge base by deeper researcher, through consulting with subject matter experts and experiential learning. Most projects are industry sponsored and for a considerable portion of students, the capstone project represents their first interaction with an industry-like environment. At ECU DoE, two sequential project management and design courses are required before students begin the capstone course as part of a spiral curriculum [1] . These courses are designed so that the students can begin thinking about the design process and gain some experience in managing a project before they begin capstone. These courses are intended to prepare them for their Senior Capstone Design Course.
The capstone course sequence is designed to focus on student learning as relates to design and project management [2] . The projects are usually industry based and the projects provided are scoped so that students can perform tasks that involve time, costs, and quality measurements that are typical of projects performed in industry [3] . Each year the Course Coordinator prepares and contacts local industries to sponsor projects. The project proposals are normally open-ended statements that are reviewed and vetted by a capstone committee in order to ensure adequate design content is involved and assessment outcomes related to capstone can be assessed. Student teams are assigned by the course coordinator and reviewed by the capstone committee. The open-ended proposals are purposely presented to students so that the process of defining scope, objectives and constraints will build a sense of project ownership and teamwork within the student teams. A sense of ownership and teaming is thought to increase students' motivation and lead to more robust alternative generation through the reality of engineering design. [4, 5] .
There are about 40 students that start capstone in the Spring semester and finish in the Fall while about 75 students start capstone in the Fall semester and finish in the Spring. Students are divided into random groups of 3, 4, or 5 member teams based on the number of projects available, the number of students available and the number of faculty advisors available. Each team is assigned a specific project with different companies and occasionally multiple teams will be assigned to a specific project either as competing or complimenting teams based on the engineering disciplines involved and the sponsor's willingness to host more than one team on a project. There is little student input into team members or project assignment. A faculty advisor is assigned to each team, and serves as the team's mentor. Faculty advisors are selected based on their discipline, research interest and availability by the course coordinator with approval from the department chair.
Industry sponsored projects are preferred because of their ability to provide capstone students an opportunity to combine academia learning and industry experience/exposure into an experiential learning intervention. This prepares students in becoming an engineer in industry. This also provides students with exposure to industry practices that can provide clarity to the students understanding of what an engineer does on the job in addition to the design component of engineering work that they learn in classes. Based on research, industry's focus on project success is consistent with the learning outcomes of academia [6] .
At the beginning of the course, the students receive a book on the course, guidelines they must follow in the form of a Capstone Success Handbook, and objectives to achieve success on their project [7] . The guidelines provide specific expectation on the formatting of drawings, design notebooks, writing papers, oral presentation, and team meetings. While grading has multiple components, ~60% of the students' final grade is determined by the quality of the written and oral design reports. Grading of these two items is conducted by faculty, faculty advisors, the course coordinator, and external judges. The grades have been reviewed periodically from time to time to validate intra-faculty scoring consistency. External judges scores have only been used for assessment considerations and not part of student grading due to a concern that the correlation of scores between faculty and external judges was non-existent or weak. It was felt that the two groups, despite using a common grading rubric, may apply internal bias in evaluating student performance represented in the written reports. Oral report evaluations had been previously determined to be non-discriminating, i.e., the grades from all judges tended to be the same across all teams due to a larger number of evaluations and therefore did not provide a useful grading component.
The concern that the evaluations of the external judges and faculty resulted in a research effort led by a senior engineering student and the course coordinator. This paper reports the results of that research. It should be noted that there was no evidence found that a similar initiative had previously been conducted within the capstone community.
Written Report Grading Rubric
The rubric that both faculty and judges are asked to use in evaluating written reports is shown in Appendix I. The grading rubrics are provided to students as part of the Capstone Success Handbook that is a required course pack for students registered capstone. The grading rubrics are supplied to faculty and external judges at the end of each semester along with a copy of the final capstone written report. For all scoring, a score of 1 is a substandard level; 2 is an undergraduate level, underclass engineer level, and moderate writing; 3 is an undergraduate, underclass engineer level, and exceptional; 4 is an undergraduate graduating engineer and that all expectations were met, and 5 is an engineer level with 1-2 years of experience and the expectations are exceeded [7] . There are 5 parts to rubric.
Appendix I, Parts A and B are the rubrics required for evaluating the conceptual design content and design process of the first semester, or Capstone I, written reports and are entitled the Conceptual Design Review (CTDR) Content/Process. Part A of the CTDR is an industry-based approach to design review [8] . Part A was adapted directly from an industry design review procedure. Part B is a process based TDR and was developed from collaboration between capstone academics [9] using extensive reviews of academic and industry literature and reports. Parts A and B represent a combined content and process approach to the TDR for capstone grading. The details within the rubric provide students a guide to expectations for reporting their capstone project's design as well as providing graders a consistent set of criteria to evaluate the quality of the design report.
In addition to the TDR rubrics, a broader assessment of the capstone report is provided by the Final Written Report (FWR), show in Appendix I, Part C. The FWR provides a grading scheme for evaluating the effectiveness of the capstone written report in describing the project, its background, the components of the design process as applied, the alternative reduction process, and the design results. This rubric is intended to provide an evaluation of writing, clarity, formatting, use of illustrations, etc., as a means for evaluating written communication competencies. The FWR is used for evaluating both the conceptual (Capstone 1) and detailed (Capstone 2) design reports.
The Detailed Technical Design Report (DTDR) rubric, Appendix I, Parts D and E is used to evaluate the detailed technical design of the Capstone II detailed written design report. Much like the CTDR rubric, the DTDR Part D, provides for an evaluation of the technical design content, and Part E provides an evaluation of the detailed technical design process. All judges, faculty and industry are asked to complete TDR Parts A-E for the Capstone II detailed written design review. This includes everything that the students have completed throughout both semesters, the final design, drawings, and final conclusion of the project design.
As grades from the TDRs and FWRs have been casually reviewed over the last seven years, there has been a growing concern that there was an inconsistency in evaluations given by industry, or external judges, compared to faculty judges. It was believed that the external judges were more lenient in grading student work samples in the form of capstone written design reports. A research initiative was started that examines the correlation of grades between the two groups for grades given to Capstone I/II students since 2013.
Correlation of Grades
Data has been collected since Spring 2013 on the scoring averages from both faculty and external judges. The data provided in Appendix II is Table 1, shows the mean project scores (percent) received from faculty and external judges, i.e., an average of pooled judges scoring (percent) for each team. Each team mean score reflects from 2-3 faculty evaluations and from 1-3 external judges. The small sample size/per team does not reflect a robust sampling process; it does provide some opportunity for a subjective analysis with very modest statistical basis.
The external judges are normally engineers from the industry. Some are program alumni with anywhere from 6 months to 5 or more years' experience while others might be seasoned engineering veterans with ten or more years of experience in engineering or engineering management. Similarly, faculty judges range from adjunct, tenure track and tenured with a project/industry experience ranging from none to ~30 years. Some faculty means include faculty who had never graded a capstone report previously. The data has not been adjusted for levels of engineering nor capstone grading experience. Teams without both Faculty and external judges scores were excluded from the analysis. Figure 1 is the correlation between the Faculty and External Judges. Correlation values were calculated in MiniTab 17. To test the regression of the data the α value was set to 0.01. After running the test, the p-value received from the test was 0.136. The results indicated no significant correlation because the p-value is greater than α. This would support the concern that there is a difference between faculty and external judge scores.
Shown below in
A paired t-test was used to compare if faculty or external judges are more lenient. The paired ttest α value was set at 0.01 yielding a p-value 0.014 for the analysis and no significant correlation between faculty and external judges. Based on a team-by-team comparison, the data shows that external judges score ~15% higher than faculty.
Conclusion
The research results show a significant difference in capstone written report evaluation based on correlation and means testing. This would imply that the capstone constituency may want to use caution when using grades that could have a source bias. However, if used consistently across all teams in a given grading sequence there is no reason to suspect that grades could be adversely inflated or deflated by using grades only from faculty, only from external judges or a combination. It could be inferred that any grading bias would be consistently applied across all teams and all semesters. Still, based on the data available and the statistical results, faculty and external judges scores are not corellated.
Limitations and Future work
The research, as conducted, does not reflect a rigorous statistical approach. The data was collected in the past only as a means for assigning scores to the work of student teams and not for the purpose of research. A more rigorous approach would require the solicitation for capstone constituents who also collect capstone written reports evaluations from faculty and external judges. However, adjustments would have to be considered based on the diversity of grading schemes and rubrics.
Figure 1: Correlation between Faculty and External Judges
Additionally, this initial research did not consider grader bias. For instance, are faculty biased by their perception of level of effort required to complete the project and inflate technical design review evaluations because of their perception? Are external judges motivated by sympathies for students to be lenient in evaluating the design technical content? Both faculty and external judges sometimes will grade a Capstone I report as well as the same teams' Capstone II report. Does familiarity with the previous semester's results, and carry-over perceptions of level of effort affect Capstone II scores? Additionally, there has been no consideration of grading experience, i.e., the experience, in number of years, of either faculty or external judges in grading capstone reports. It might be possible to survey both groups to determine if leniency bias or experience bias exists and how those biases might impact grading. Since faculty advisors grade not only their teams' reports (some faculty advisors may have as many as five teams assigned during a semester and these will be a mixture of Capstone I and II teams), but other teams as well, is there a comparison of teams inherent in the grading or is the grading completely objective.
Understanding rubric based criteria for grading capstone final reports is certainly plausible. Objectively applying that understanding can be challenging in a growing student project team environment. 
